Cyclic Voltammetry of Cobalt chloride with different concentrations was measured experimentally using DY2000 potentiostat. We used 0.1 M KCl as supporting electrolyte. Glassy carbon working electrode was used, purified and polished before use. The other two electrodes are platinum wire and Ag/AgCl electrode put in saturated KCl solution were used. The complex characters for the interaction of CoCl2 with Ceftriaxone disodium salt (Cefs) were studied with the use of different Ceftriaxone disodium salt (Cefs) concentrations at 298.65 K. The oxidation, reduction mechanisms and the stability constants of the complexes formed are discussed. Scan rate and different kinetic parameters resulted from the interaction of CoCl2 with Ceftriaxone disodium salt (Cefs) were also evaluated and their values were discussed.
Introduction
Complex interaction and stability constants for complexation of some metal salts with some organic ligands [1] can be explained by cyclic voltammetrically. Cobalt was found to form complexes by the interaction with nitrogen or hydroxyl groups in the ligands.
These can be studied by cyclic voltammetrically by measuring the shift in both anodic and characteristically cathodic peaks [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Here we prepared in our laboratory glassy carbon electrode which was used for measuring the redox behavior of CoCl2 in the absence and presence of Ceftriaxone disodium salt (Cefs). The redox mechanisms and the stability constants for the complexes formed are discussed. Material Studio Package was used to perform Molecular Modeling Calculations by DMOL3 program [11] .
Experimental
The used chemical like CoCl2 were delivered from Sigma Aldrich. Co. Ceftriaxone disodium salt (Cefs) was provided from Pharco B international were used without any treatment to avoid the change in their characters. Potentiostat DY2000 apparatus was used for measuring the voltammograms at different scan rates. Purified water was used in practical work and duration with nitrogen for 10 minutes which were applied to all the used solutions. Three electrode system was used for the development of cyclic voltammograms, Ag/AgCl electrode connected and filled with saturated KCl was used as the reference electrode. A platinum wire was used as the auxiliary electrode to save the cell from destruction. The glassy carbon electrode was polished with fine Al 2 O 3 powder put above wool clean piece.
The area of the used electrode is 0.0314 cm 2 .
The Cobalt Ceftriaxone complex was prepared by using equimolar of Cobalt and Ceftriaxone Sodium solutions. They were refluxed for two and half an hour. The prepared complex was filtered, washed with Ethanol, and dried over CaCl2. The IR measurements were done for the formed complex.
Results and Discussion
Redox reactions of CoCl2 in the absence of Ceftriaxone disodium salt (Cefs):
The electrochemical behavior, especially the redox processes of cobalt ions at the glassy carbon electrode were studied by measuring currents at the steady state.
The cyclic voltammograms data were obtained and analyzed using equation (1) after Randles -Sevick equation [6, 7, 9] . α coefficient is equal to 0.5 and Epc/2 is half-wave potential of the cathodic peak.
The surface coverage Γ (The surface concentrations of electroactive species in mol.cm -2 ) can be calculated by applying the following equation [7, 9] .
We can also, calculate the surface coverage from the quantity of charge which consumed during reduction or adsorption of the adsorbed layer by applying the following equation [10] :
The deviation from reversibility will happen if k (rate constant) is big.
Examples of irreversible reactions
involve bond breaking and the reaction is known as an irreversible reaction.
Another important relation for reversible systems is the dependence of peak height
⁄ , The square root of scan rate [12] [13] [14] [15] [16] [17] [18] [19] .
For quasi-reversible systems, the peak current is not proportional to (υ) The effect of CoCl2 concentrations was studied voltammetrically using 0.1M KCl as electrolyte supporting in the range from 1.5V to -1.5V at 298.65K. Their date has been given in Figure 2 and Table 1 . We noticed one cathodic peak appears at ∼ 1 V due to two electrons' reaction process.
The reduction of cobalt cations to zero valent ones at the glassy carbon electrode can be explained as suggested mechanism:
Co +2 +2e -=== Co(0) (Eq. 6)
The oxidation peak appeared and found at approximately ∼ 0.25V corresponding to the opposite reaction of reaction (6). Figure 2 and calculated data in Table 2 , using different scan rates (0.1, 0.05, 0.02, 0.01 V/sec).
We could notice by decreasing scan rates, both anodic and cathodic currents were decreased but other kinetic parameters like Γc, Γa, Qc, and Qa were increased.
we could deduce from the relation (ip vs ν1/2) shown in Figure 3 that the electrochemical processes' diffusion were controlled.
Electrochemical behavior of Cobalt chloride in presence Ceftriaxone disodium salt (Cefs).
The effect of different concentrations of Ceftriaxone disodium salt (Cefs) on the redox behavior of CoCl2 was illustrated in Table 3 .
Also, one cathodic and one anodic peak were shown at the used temperature and explained in Figure  4 . Figure 5 and calculated data in Table 4 , using different scan rates (0.1, 0.05, 0.02, 0.01 V/sec).
We noticed by decreasing scan rates, Both anodic and cathodic currents were decreased but other kinetic parameters like Γc, Γa, Qc, and Qa were increased.
We could deduce from the relation (ip vs ν1/2) shown in Figure 6 that the electrochemical processes' diffusion were controlled. Table 6 , we noticed that the general trend of stability constant (Log βj)
decreased by decreasing scan rates.
The IR and elemental analysis results
The 
Molecular Parameters
Quantum parameters were determined of Ceftriaxone disodium salt and its cobalt complex as shown in the From the calculated data in Table 7 we could observe that:
1. The Binding energy of the Cobalt
Ceftriaxone complex was higher than the binding energy of the Ceftriaxone disodium which indicates the stability of the complex.
2. The dipole moment of Ceftriaxone disodium was higher than its cobalt complex indicating the activity of the free ligand.
3. The value of EHOMO and ELUMO were negative for both Ceftriaxone disodium and its cobalt complex indicating their stability. Also, they were presented in structure (2, 3).
4. The energy of HOMO was higher than the energy of LUMO, so LUMO acted as electron donor but LUMO acted as an electron acceptor.
Conclusion
The redox mechanism for the solvation of 
